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(54) METHOD OF PRODUCING LAMINATED IRON CORES 



(57) In a method of producing an iron core by punch- 
ing and laminating stator core pieces and rotor core 
pieces from the same metal sheet, it is an object of the 
invention that magnetic pole teeth of the roughly 
punched statorcore pieces are caused to stably develop 
by pressing toward space sides made by previously 
punching the rotor core pieces so as to sufficiently se- 
cure punching margins for pressing out the front tips of 
the magnetic pole teeth of the internal forms of the stator 
core pieces and the punching can be performed without 
obstacles even if a gap with the rotor core pieces is 
small, and further ruggedness formed on a surface of 
the metal sheet by pressing does not cause disturbanc- 



es in a flow of magnetic flux. 

The method comprises punching the rotor core 
pieces from metal sheets and laminating them, roughly 
punching the magnetic pole teeth 7 of the stator core 
pieces from said metal sheets already punched of the 
rotor pieces, changing positions of the magnetic pole 
teeth 7, pressing on a plurality of parts thereof to reduce 
the thickness, developing them toward the punched 
sides of the rotor core pieces for forming the thin part 
ranges 10, 11 , subsequently punching to form the front 
tips 8 of the magnetic pole teeth composing edge parts 
of the internal forms of the stator core pieces, punching 
the external forms of the stator core pieces and laminat- 
ing them. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a method of 
producing a laminated iron core. 



TECHNICAL BACKGROUND 

[0002] An electric motor is incorporated with a lami- 
nated iron core. The laminated iron core comprises a 
rotor core and a stator core, and both iron cores are 
composed by laminating iron core pieces punched from 
metal sheets. 

[0003] If rotor core pieces and stator core pieces are 
coaxially punched from the same metal sheets, a pro- 
ducing yield is far heightened, and a space of Installing 
a progressive die means assembly apparatus can be 
largely reduced. But when punching the rotor core piec- 
es, followed by punching stator core pieces, or also 
when punching the stator core pieces, followed by 
punching the rotor core pieces, difference between ex- 
ternal forms of the rotor core pieces and internal forms 
of the stator core pieces, that is, a gap therebetween is 
generally narrow, and a problem is present as follows. 
For example, when punching the external forms of the 
rotor core pieces, followed by punching the internal 
forms of the stator core pieces, punched scraps are nar- 
row in width and broken during punching or turned up 
as floating, and scraps do not drop downward a die and 
must be twice punched, or scraps are scratched to hurt 
a progressive die means assembly. 
[0004] From the viewpoint of heightening rotating pre- 
cision, it is especially important that the space between 
the external form of the rotor core and the internal form 
of the stator core is made small as a stepping motor, 
namely, that an air gap therebetween is made, e.g., 20 
|im or less , but a problem is that the rotor core piece and 
the stator core piece cannot be punched from the same 
metal sheet. 

[0005] As methods of producing laminated iron cores 
for solving the above problems, an applicant of this in- 
vention has proposed JP-A-6-343248, JP-A-6-3511 96 
and JP-A-7-7895. The essentials common among these 
inventions are present In punching the rotor core pieces 
from metal sheets and laminating them, roughly punch- 
ing magnetic pole teeth of the stator core pieces from 
said metal sheets coaxially with said rotor core pieces, 
pressing some portions of said magnetic pole teeth to 
make thickness locally reduced for causing the reduced 
portions to develop toward the punched side of the rotor 
core piece, subsequently punching to form small teeth 
at front tips of the magnetic pole teeth and side faces 
thereof, punching the external forms of the stator core 
pieces, and laminating them. 

[0006] According to them, some portions of the mag- 
netic pole teeth of the roughly punched stator core piec- 
es are urged in the thickness direction to reduce the 



thickness thereof, and front tips of the magnetic pole 
teeth develop toward the punching side of the rotorcore 
piece so as to expand a punching margin of the internal 
side of the stator core piece. Accordingly, when punch- 

5 Ing out small teeth of the magnetic pole teeth becoming 
edges of the internal forms of the stator core pieces, the 
width of scraps is widened and neitherbroken norturned 
up as floating during punching operation. Thus, it is pos- 
sible to punch and form the rotor core pieces and the 

10 stator core pieces from the same metal sheet, thereby 
to effectively increase the producing yield. 

DISCLOSURE OF THE INVENTION 

is [0007] An inventor made further experiments and 
studies, and found problems involved with techniques. 
The above mentioned methods comprise punching out 
the rotor core pieces from metal sheets, roughly punch- 
ing the magnetic pole teeth of the stator core pieces, 

20 and pressing some portions of them to be reduced for 
developing toward the space sides by previously punch- 
ing, but difficult is to steadily secure a developing 
amount orto make an optimum amount. In addition, an- 
other problem is that ruggedness formed on a surface 

25 of the metal sheet by pressing causes disturbances in 
a flow of a magnetic flux. 

[0008] This invention has been realized in view of the 
above mentioned circumstances, and it is an object of 
the invention to offer a method of enabling to steadily 
30 obtain gaps of high precision for reducing gaps between 
a rotor and a stator by punching rotor core pieces from 
metal sheets, roughly punching magnetic pole teeth of 
stator core pieces, and pressing some portions of them 
to be reduced. 

35 [0009] It is another object of the invention to obtain 
laminated iron cores having excellent characteristics, in 
which the magnetic pole teeth of the roughly punched 
stator core pieces develop toward the space sides made 
by previously punching the rotor core pieces or make 

40 developing of an optimum amount to sufficiently secure 
the punching margins for pressing the front tips of the 
magnetic pole teeth becoming the internal forms of the 
stator core pieces, and the punching can be performed 
without obstacles even if gaps with the rotorcore pieces 

45 are small, and further ruggedness formed on a surface 
of the metal sheet by pressing does not cause distur- 
bances in a flow of magnetic flux. 
[0010] The essential point of the invention is present 
in a method of producing a laminated iron core by 

50 punching and laminating the stator core pieces and the 
rotor core pieces, characterized by punching the rotor 
core pieces from metal sheets and laminating them, 
roughly punching the magnetic pole teeth of the stator 
core pieces from said metal sheets already punched of 

55 the rotor pieces, changing positions of the magnetic pole 
teeth and pressing on a plurality of parts thereof and 
developing them toward the punched sides of the rotor 
core pieces, subsequently punching to form the front 
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tips of the magnetic pole teeth composing edge parts of 
the internal forms of the stator core pieces, and punch- 
ing the external forms of the stator core pieces and lam- 
inating them. 

[0011] Desirably, the pressing on the plurality of parts 5 
by changing the positions in the magnetic pole teeth is 
characterized in that said pressing is carried out by 
changing pressing timings. 

[0012] As to another essential point, the pressing ef- 
fected on the plurality of parts by changing the positions 1 o 
in the magnetic pole teeth is characterized by taking par- 
tial charge of slight reduction of thickness in taking par- 
tial charge of development toward the punched side of 
the rotor core piece. 

[0013] Other characteristics and merits of the inven- is 
tion will be apparent from explanation for embodiments 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0014] 

Fig. 1 is a view showing a preceding procedure of 
punching the iron core pieces to be laminated in a 
first embodiment of the invention; 25 
Fig. 2 is a view showing a middle procedure of 
punching the iron core pieces to be laminated in the 
first embodiment of the same; 
Fig. 3 is a view showing a latter procedure of punch- 
ing the iron core pieces to be laminated in the first 30 
embodiment thereof; 

Fig. 4 is a partially enlarged plan view of pressing 
on the magnetic pole teeth of the stator core pieces 
in the first embodiment; 

Fig. 5 is a partially enlarged plan view of pressing 35 
on the magnetic pole teeth of the stator core pieces 
in the first embodiment; 

Fig. 6 is a view showing a laminated iron core of the 

rotor produced in the first embodiment; 

Fig. 7 is a view showing a laminated iron core of the 40 

stator produced in the first embodiment; 

Fig. 8 is a partially enlarged plan view of pressing 

on the magnetic pole teeth of the stator core pieces 

in a modified example of the first embodiment; and 

Fig. 9 Is a partially enlarged plan view of pressing 45 

on the magnetic pole teeth of the stator core pieces 

in the modified example of the first embodiment. 

[0015] In the drawings, reference numeral 1 desig- 
nates a metal sheet, 2 shows a guide hole, 3 is a shaft so 
hole, 4 is an interlocking part, 5 is the rotor core piece, 
6 is teeth, 7 is the magnetic pole teeth, 8 is a small teeth, 
9 is a slot, 1 0 is a thin thickness part 1 1 is a second thin 
thickness part, 12 is a interlocking part, 13 is a stator 
core piece, 14 is the laminated core of the stator, and 55 
15 is the laminated core of the rotator. 



MOST PREFERRED EMBODIMENT OF THE 
INVENTION 

[0016] Explanation will be specifically made to modes 
for carrying out the invention, referring to the attached 
drawings. 

[0017] A first embodiment of the invention will be stat- 
ed in detail. 

[0018] A method according to the invention is charac- 
terized by pressing such as coining several times on a 
plurality of parts of the metal sheet punched of the rotor 
core pieces. That is, as shown in Figs . 1 to 5, the meth- 
od is characterized by comprising: the rotor core piece- 
punching step of punching the rotor core piece 5 from 
the metal sheet 1 and laminating in succession the 
punched rotor core pieces 5; the magnetic pole teeth- 
punching step of roughly punching the magnetic pole 
teeth 7 of the stator core piece 13 from the metal sheet 
punched of the rotor core piece 5; the pressing step of 
carrying out the pressing on the plural parts of the mag- 
netic pole teeth 7 and developing the magnetic pole 
teeth 7 toward the punched side of the rotor core piece 
5; and subsequently the stator core piece-punching step 
of punching to form front tips of the magnetic pole teeth 
composing an internal form of the stator core piece 13, 
punching an external form of the stator core piece 13, 
and laminating in succession the punched stator core 
pieces 13. 

[0019] The metal sheet 1 is, for example, a silicon 
steel sheet, a low carbon steel sheet or the like, and 
from the metal sheet 1 , the rotor core piece and the sta- 
tor core piece are successively punched out. 
[0020] Herein, in a station A, guide holes 2 are 
punched out. In a station B, a shaft hole 3 of the rotor 
core piece is punched out. 

[0021] In a station C, four interlocking parts 4 of the 
rotor core piece are formed around to surround the shaft 
hole 3. The interlocking part 4 is a penetrating hole of 
or punched in a penetrated grooved in the rotor core 
piece of a first sheet of the laminated layer, and the rotor 
core pieces of from a second sheet to predetermined 
laminated sheets are half-punched holes of or punched 
in half-punched grooves. Parts projected by said half- 
punching are fitted in the penetrated hole of or in the 
penetrated groove in said rotor core piece, or in the half 
punched concave hole of said rotor core piece. The pen- 
etrated hole or the penetrated groove as well as the half- 
punched hole or the half-punched groove are formed in 
a manner of the depth of a punch (not shown) going in 
a die side is switched by a known switching instrument. 
Shapes of the interlocking part 4 may depend on adop- 
tion of any optional circle, square, V, groove and others. 
[0022] In a station D, the rotor core piece 5 is punched 
out, and immediately under the station D, a laminating 
part is installed and the laminations by interlocking are ' 
piled via the interlocking part 4 per each of successive 
punchings . The rotor core piece 5 is formed with many 
teeth 6 on the outer circumference in this embodiment 
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to enable precise stepping rotation at small rotating an- 
gles. The lamination of the rotor core pieces 5 may de- 
pend on adoption of direct lamination, circular lamina- 
tion or skew lamination. In this embodiment, the rotor 
core piece 5 is formed with the teeth 6 on the outer cir- 
cumference, and the rotor core piece without teeth may 
be applied. 

[0023] The metal sheet after punching and laminating 
the rotor core pieces 5 is guided to a station E, in which 
the magnetic pole teeth 7 of the laminated iron core piec- 
es are roughly punched to be coaxial with the rotor core 
pieces 5 by punching slots 9. The magnetic pole teeth 
7 are formed at front tips with teeth to be small teeth 8, 
and the slots 9 are formed between adjacent magnetic 
pole teeth 7. 

[0024] Between the internal form of the front tips of 
the magnetic pole teeth 7 of the stator core piece and 
the external form of the rotor core piece 5 is an air gap 
of the laminated iron core. The narrower the air gap, the 
stronger a stationary toque, and the positioning preci- 
sion of rotation is excellent. When the rotor core piece 
5 and the stator core piece are punched coaxially from 
the same metal sheet, if punching the internal form of 
the stator core piece after punching the rotor core piece 
5, since punching margins are small, the punching of 
the stator core piece with the narrow air gap is difficult 
in the prior art. Therefore, some portions of the magnetic 
pole teeth 7 of the roughly punched stator core piece 
are pressed and caused to develop toward the space 
side of punching the rotor core 5. However, the prior art 
has a problem that enough developing amounts by 
pressing the magnetic pole teeth 7 are not always stably 
obtained, and if the developing amount is made large, 
the concave in the sheet surface by pressing is made 
large to disarrange the flow of the magnetic flux. 
[0025] On the other hand, the invention changes po- 
sitions of pressing the magnetic pole teeth 7, changes 
timing of pressing, divides the pressing positions into 
plural portions for enough securing the developing 
amounts, and makes a concave small per one position. 
[0026] That is, in a station F, interiors of the magnetic 
pole teeth 7 and coaxial with the rotor core 5 are pressed 
by a punch (not shown) to reduce the thickness and de- 
velop toward the punched side of the rotor core piece 5. 
Thus, a first thin part 10 is formed. 
[0027] I n a station G , the pressing position of the mag- 
netic pole teeth 7 is shifted to the outside than the first 
thin part and pressed coaxially with the rotor core piece 
5 so as to form a second thin part 1 1 , and further devel- 
oped toward the punching side of the rotor core piece. 
The second thin part formed by the second pressing and 
the first thin part formed by the first pressing take partial 
charge of developments so as to obtain desired punch- 
ing margins. The shares are not necessarily equal, but, 
for example, if the second pressing is the width narrow 
part of the magnetic pole teeth 7, the share may be 
changed such that the thickness of the second thin part 
is smaller than that of the first thin part. In this embodi- 



ment, the pressings are carried out in the two stations 
F and G, and may be done in three stations or more. 
The pressings are done in the plural stations, that is, 
done by changing timings and positions, so that it is pos- 
5 sible to steadily secure the developments of the mag- 
netic pole teeth 7 of the roughly punched stator core 
piece toward the punched side of the rotor core piece 5. 
Further, reduction of the thickness per one pressing is, 
as seen in Fig. 5, divided and can be lessened, thereby 

10 enabling to produce the laminated iron core having a 
highly precise and stable air gap, and further rugged- 
ness formed on a surface of the metal sheet by pressing 
does not cause disturbances in a flow of a magnetic flux, 
and thereby enabling to offer the laminated iron core of 

*5 high reliability. 

[0028] The first and second thin parts are preferably 
formed on the full circumference excepting the slot part 
of the stator core piece, whereby the air gap of high pre- 
cision and less strain can be formed 

20 [0029] As a modified example of the above mentioned 
example, as shown in Figs. 8 and 9, the partial charges 
may be changed such that a second thin part 1 1 s is larg- 
er in thickness and smaller in width than a first thin part 
10s. If strongly pressing the inner diameter of the stator 

25 core piece, the development is easy at low force. 

[0030] Further, as shown in Figs. 1 0 and 1 1 , a plurality 
of thin parts 20 may be formed like dots. When forming 
like dots, the thin parts may be realized by once coining 
process as controlling strain at good workability. 

30 [0031] The timing of coining may be divided into plural 
times. 

[0032] In a station H, the front tips of the magnetic pole 
teeth 7 of the stator core piece secured with the punch- 
ing margins are punched to form small teeth 8, whereby 

35 the stator core piece is formed with an edge of the in- 
ternal form. In this station H, the interlocking parts 12 of 
the stator core piece are also formed. The interlocking 
part 12 is formed as a penetrating hole of or as a pene- 
trated groove in the stator core piece 13 of a first lami- 

40 nated sheet similarly to the rotor core piece 5, and half- 
punched holes or half-punched grooves are formed 
from a second sheet to predetermined laminated 
sheets. Shapes of the interlocking part 12 may depend 
on adoption of any optional circle, square, V, groove and 

45 others, and may be formed in other stations. 

[0033] In a station I, the stator core pieces 13 are 
punched into external forms and laminated via the inter- 
locking part 12, and a stator laminated core 14 is pro- 
duced as shown in Fig. 7 by direct lamination or circular 

50 lamination. 

[0034] On the laminated stator core 14, a coil is wound 
independently, and in the internal form thereof, the lam- 
inated rotor core 15 shown in Fig. 6 is inserted. 
[0035] As mentioned above, after punching the rotor 

55 core pieces, the coining is carried out, followed by 
punching the inner diameter of the stator core pieces, a 
width becoming a punched remainder can be made larg- 
er, and the remainder can be prevented from turning up 
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as floating. If punching the inner diameter of the stator 
core piece without coining, the width as the punched re- 
mainder is small to make inconvenience of easily caus- 
ing the remainder to turn up as floating. 

INDUSTRIAL APPLICABILITY 

[0036] The invention comprises punching the rotor 
core pieces from metal sheets and laminating them, 
roughly punching the magnetic pole teeth of the stator 
core pieces from said metal sheets punched of the rotor 
pieces, pressing the magnetic pole teeth on a plurality 
of parts thereof by changing positions coaxially with the 
rotor core piece, developing them toward the punched 
and space sides of the rotor core pieces so as to steadily 
form punching margins, and therefore, if the air gap be- 
tween the outer form of the rotor core piece and the inner 
form of the stator core piece is narrow, for example, even 
if being for the stepping motor, the scrap punched in the 
inner diameter of the stator core piece can be widened, 
and the punching can be performed without breakage 
at the middle part of the scrap, turning up as floating or 
twice punching. 

[0037] The plural parts of the metal sheet are pressed 
by changing the magnetic pole teeth as to the position 
and the timing, and so the pressing per one position is 
enough with small pushing so that the sheet surface is 
slightly concave, and a good laminated iron core is ob- 
tained with excellent characteristics and without disturb- 
ing the flow of the magnetic flux. 

[0038] The invention is not limited to the above men- 
tioned embodiments. 



2. The method of producing laminated iron core as 
claimed in claim 1 , wherein said plural parts are po- 
sitioned such that distances from the center of the 
rotor core pieces are varied. 

5 

3. The method of producing laminated iron core as 
claimed in claim 2, wherein said plural parts are 
formed respectively at positions composing con- 
centric circles. 

10 

4. The method of producing laminated iron core as 
claimed in claim 2, wherein said plural parts are 
composed of first thin parts formed over the full cir- 
cumference in the positions composing the concen- 
tric circles and second thin parts formed at outer cir- 
cumferential sides than the first thin part. 

5. The method of producing laminated iron core as set 
forth in claim 4, wherein said first thin part is smaller 
in thickness and larger in width than the second thin 
part. 

6. The method of producing laminated iron core as set 
forth in claim 1, wherein pressing step changes 
pressing timings of several times. 

7. The method of producing laminated iron core as set 
forth in claim 6, wherein said pressing steps of sev- 
eral times take partial charge of the amount of de- 
veloping toward the punched side of the rotor core 
piece, and a total of the developing amount of each 
time is an amount previously determined. 
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Claims 35 

1. A method of producing a laminated iron core by 
punching and laminating stator core pieces and ro- 
tor core pieces, comprising: 

40 

a rotor core piece-punching step of punching 
the rotor core piece from a metal sheet and lam- 
inating in succession the punched rotor core 
pieces; 

a magnetic pole teeth-punching step of roughly 45 
punching magnetic pole teeth of the stator core 
piece from the metal sheet punched of the rotor 
core piece; 

a pressing step of carrying out pressings on plu- 
ral parts of the magnetic pole teeth and devel- so 
oping the magnetic pole teeth toward the 
punched side of the rotor core piece; and 
subsequently the stator core piece-punching 
step of punching to form front tips of the mag- 
netic pole teeth composing an internal form of 55 . 
the stator core piece, punching an external form 
of the stator core piece, and laminating in suc- 
cession the punched stator core pieces. 
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